Objectives-To investigate the relations between congenital malformations and maternal occupation during pregnancy with a registry based case-control study. Methods-Analysis was performed on data derived from the Florence Eurocat registry surveillance programme. The study included cases with isolated conditions, including chromosomal anomalies (n = 1351), cases with multiple anomalies registered during the 1980-91 period (n = 440), and babies with no congenital malformations recognised at birth who were born from 1982 to 1989 and selected as controls (n = 3223). 11 categories were defined, 10 including cases with isolated malformations and one for cases with multiple congenital anomalies. Four categories of maternal occupation were selected for the study. Odds ratio (OR) values were adjusted for maternal origin, maternal and paternal education, number of previous live births, illness during pregnancy, and maternal age when the group of chromosomal anomalies was analysed. Results-A notable and significant association between oral clefts and mothers involved in leather and shoe manufacturing was found (adjusted OR 3 9; 99% confidence interval (99% CI) 1P5 to 9.8) and the risk consistently increased when considering cases with isolated cleft palate separately (OR 5*4; 95% CI 1-8 to 13.4). Moreover, a significant risk was identified for the association between multiple anomalies and textile dye workers (adjusted OR 1-9; 99% CI 1-0 to 3.8).
The association between maternal occupation and congenital malformations in offspring has been repeatedly described by registry based case-control studies, and other important results on occupational exposure have been obtained from epidemiological studies.
From case-control investigations, major anomalies of the central nervous system have been reported in association with the maternal occupation "sales worker" during the first trimester and oral clefts have been associated with health service carers, clerical workers, and the repair services industry. ' Among women involved in healthcare work, a relation between maternal exposure to anaesthetic gas and various malformations has been described several times with postal questionnaires: however, the only study performed in Sweden with medical records did not suggest increases in risk.2 A significant association was found among cases with birth defects whose mothers had been exposed, as nurses, to cytostatic drugs, but no specific pattern of defects was identified.3 For exposure to anaesthetic gases, evidence of increased risk of congenital malformations was considered inconclusive. 4 In epidemiological studies focused on hairdressers, associations were found with menstrual disorders and spontaneous abortions, as well as other inconsistent results probably due to methodological problems.5
For leather workers a relevant reproductive risk has been reported of perinatal mortality due to all causes (and particularly to congenital malformations6), fetal mortality (but not for congenital malformations7), and subfecundity. 8 Another study, conducted in Norway, found an odds ratio (OR) of 077 for congenital malformations and occupation in textile and leather industries. 9 Evidence on the risk of oral cleft in offspring of mothers exposed to solvents during pregnancy has sometimes been described.'01 Recently, a significant association (OR 1 9) for orofacial cleft and agricultural work during pregnancy has been identified by a case-control study based on the Finnish register of congenital malformations, but exposure to solvents did not explain the association found. 13 The aim of the present registry based casecontrol study was to explore associations among selected groups of congenital anomalies and four groups of maternal occupations during pregnancy. In each maternity unit, mothers of cases and controls were interviewed (not blindly) by the same neonatologist, involved in the Eurocat registry. A standardized questionnaire, based on the Eurocat form,'5 was used to collect information about both cases and controls.
Specific questions on the maternal occupation and branch of activity during pregnancy were asked. An unstructured section was provided for the specific job title and possible risk agents, even if a reduced level of completeness and reliability was expected. Neither previous working periods nor duration of exposure during the present pregnancy were investigated by the questionnaire. However, the interviewers were instructed to ask specific questions about any "moonlighting" jobs.
Coding of maternal occupation was performed by the central staff of the Florence Eurocat registry according to the three digit ISTAT classification of occupations. '6 To select groups of occupations for analysis, three inclusion or exclusion criteria were used: (a) occupation in which at least 10 women were exposed when all malformations were considered; (b) an existing interest on the basis of the scientific literature; (c) exclusion of groups with generically defined occupationsfor example, mechanical worker.
With the above criteria, four groups of occupations were selected: health service carers (ISTAT code 1 4x), hairdressers (ISTAT code 9-4x), textile dye workers (ISTAT code 5 3x), and leather workers (ISTAT code 5 5x). (See table 6 for some occupational titles of interest compared with the ISCO-88 code.) '7 Coding of congenital malformations was carried out with the British Paediatric Association classification of diseases and grouping by the Eurocat schedule. '8 19 In the present study, 10 classes of isolated congenital malformations and one class of multiple conditions (two or more major congenital malformations) were considered (table 1). Some groups of isolated anomalies were excluded due to the small numbers, such as eye (n = 13), ear (n = 15), respiratory (n = 8), metabolic (n = 10), other major congenital malformations (n = 18), and a miscellaneous group of other minor isolated or associated anomalies (n = 41).
Malformation sequences-such as Potter's sequence-were considered to be a single anomaly, whereas anomalies of known environmental origin-for example, fetal alcohol syndrome, toxoplasmosis-or monogenic syn Crude ORs (95% confidence intervals (95% Underreporting was partly expected as the selection of controls was from the total births minus the malformed babies, and some organisational difficulties were thought likely to be responsible for other missing data. The actual underestimation (about 8%) was uniformly distributed among the participating hospitals.
All 1969 malformed babies and induced abortions after prenatal diagnosis registered between 1980 and 1991 out of the 106 074 total births (prevalence 18-6 per 1000 births) made up the group of cases, as there seemed to be no contraindication to limiting case selection to the same period as that considered for controls.
No significant changes in the pattern of women's employment were found either for cases during the 1980-91 period or for controls over the 1982-9 period. Table 1 shows tOdds ratio adjusted for maternal country of birth, maternal and paternal education, previous live births, illness in pregnancy, and maternal age. the frequency of cases included in the study, by group of anomalies and status upon registration. Induced abortions made up 6-4% of multiple and 8-4% of isolated anomalies, 38-7% of anomalies of the nervous system, and 29-3% of chromosomal anomalies, and for the other groups a small or zero percentage was found. Table 2 shows the sociodemographic characteristics of cases and controls. No significant difference was found for maternal age between cases and controls when chromosomal anomalies, with an established association with maternal age, were excluded. Within this group, however, the number of subjects with maternal age > 35 years was significantly higher among cases than controls, as expected. No significant differences were found for the mother's place of birth among cases and controls for the three Italian areas (north, centre including Florence, and south including islands), whereas foreign origin was significantly more frequent among cases. More mothers were employed during pregnancy among the cases, although this difference was not significant. Among cases, maternal education to primary level and paternal absence of schooling were significantly different from controls, both parents of cases tended to have had no schooling or schooling to only primary level, but there were no other differences in schooling from the reference high school level. Table 3 shows data about history of previous pregnancies. There was a slight but significant excess of one previous live birth among the controls, but no difference between still births or abortions, spontaneous or therapeutic. Nevertheless, the high ORs for one or more than one previous still birth are noteworthy (OR 1-5 and 1-8, respectively). Table 4 shows variables related to lifestyle. The proportion of mothers reporting either drug misuse or tobacco smoking during pregnancy was similar in cases and controls; alcohol consumption was significantly more frequent in controls (probably underreported because of a more frequent recall bias among the cases). Among the cases a significant excess of infections or illnesses during pregnancy was found.
There was a low rate of non-response for all the categorical variables already described. Maximum values for missing data were 1-9% among cases and 1-5% among controls when simple questions were investigated (maternal age and obstetric history variables), whereas for the other variables "not known" answers were reported in < 5-0% among cases and < 3-3% among controls. Table 5 shows the ORs (99% CIs) corresponding to the association between four groups of maternal occupations and the different groups of congenital malformations. A significant relation between maternal occupation in the pelt or leather industry and overall oral cleft in offspring was identified (crude OR 3-7; 99% CI 1-5 to 9-3; adjusted OR 3-9; 99% CI 1*5 to 9-8).
A risk of multiple abnormalities was also associated with textile dye workers (crude OR 1-8; 99% CI 0-9 to 3-4; adjusted OR 1-9; 99% CI 10 to 3-8). Table 6 shows the analysis for oral cleft, isolated cleft palate, and cleft lip with or without cleft palate, by subclassification of the pelt or leather group into tanners and leather dyers (ISTAT code = 5-51), shoemakers and related workers (ISTAT code = 5-52), and leather goods makers (ISTAT code = 5 53).
Of the 35 cases with isolated cleft palate, six had mothers who were leather or shoe workers, resulting in an increased crude OR (OR 5-4; 95% CI 1-8-13-4), whereas for cleft lip with or without cleft palate the association between the four mothers employed in the leather trade among 44 total cases was weaker and not significant (OR 2-6; 95% CI 07-7-3).
Discussion
There are limitations inherent to this study.
(1) The power of the study is weak, despite its overall size, as only a few cases were present for analysis of selected occupations with groups of anomalies, and so identification of small excesses of risk was reduced.
(2) As the interviews were not performed blindly, a related bias cannot be ruled out, although the interviewers were specifically trained to investigate moonlighting occupations.
(3) Organisational difficulties may have caused underreporting from controls, mainly due to some discontinuities in coverage by the neonatologist involved in the registration, but this is unlikely to have caused notable anomalies.
(4) Unmatched selection of controls was performed, although it was decided to include only those controls resident in the study area. On checking for heterogeneity in notification among eight hospitals, we found only one, in the centre of Florence, which reported anomalies (particularly congenital heart defects) more than the others.
(5) Maternal occupations were grouped loosely to achieve adequately sized groups. Thus, consideration of the type of declared occupation rather than the type of exposure may have resulted in a limitation of the recall bias.
There were also advantages in our study.
(1) The inclusion of induced abortions due to a prenatal diagnosis of congenital malformations represents an important feature.
(2) No significant differences in ratios of isolated or multiple anomalies existed among hospitals, probably because of a good standardisation between neonatologists.
(3) The frequency of "unknown" answers obtained for the maternal and paternal variables was low. Some of the few that there were could be due to difficulties in submitting the questionnaires, especially for the cases.
(4) The answers to questionnaire studies tend not to be specific possibly because of the structure of the study.
In general, as substantial differences exist in risk factors associated with employment related to pregnancy, with working women generally having more favourable demographic and behavioural characteristics and less favourable reproductive histories, it is essential when a case-control study is performed, to be aware of the most important potential confounding factors that distinguish employed women from unemployed women. 22 Some methodological studies have shown that even although reporting bias for maternal occupation cannot be ruled out, concerns about recall bias are likely to be overrated in studies of birth defects, and that the use of normal controls is acceptable unless evidence of substantial recall bias exists.223 The results obtained for the sociodemographic, obstetric, and lifestyle factors included in the study showed considerable agreement with other data reported, particularly in recent publications.'2 A higher alcohol consumption during pregnancy was reported among the controls than among the cases. However, the uncertainty about the timing and amount of consumption was considered to be an indication for the exclusion of these data from the adjustment variables. Other sociodemographic and obstetric history variables are routinely collected for the birth medical record, and both are easier to obtain by questionnaire, so they are more likely to be reliable. Maternal age was significantly higher among the cases only if chromosomal anomalies were pooled with the other groups considered. Maternal foreign origin was in excess among the cases, but the frequency was small.
This study indicates a significant relation between maternal occupation as a pelt or leather worker and orofacial clefts in offspring. The OR is higher, as well as more significant, when considering cases with isolated cleft palate separately (table 6) . It is noteworthy that none of the 10 newborn cases had a family history of congenital malformations (including third degree relatives) whereas among the 69 cases in whom mothers were otherwise employed we found a family history in three cases of cleft lip and palate (two cases with the same defect in a third degree relative of both mother and father and one case with a cleft palate in the sister). Table 6 shows significant ORs for makers of leather goods for both total oral clefts and cleft palate only. Moreover, a non-significant risk of cleft palate was also associated with tanners or leather dyers and shoemakers, and the sample size was small. These findings are in agreement with the inheritance models recently suggested for cleft palate and cleft lip.2427
A specific relation between employment as a leather worker and birth defects has not yet been proved, but the few observational studies performed in this field should be taken into account. In our experience, in the manufacturing cycle of pelt or leather factories, such as tanneries and shoe and leather goods factories, employees can be reasonably assumed to be exposed to organic solvents.2829 Although no assumptions can be made about intensity, degree, and duration of this exposure, it is relevant to report that aliphatic hydrocarbons are often used, as well as chlorinated hydrocarbons and aromatic solvents other than benzene. 29 No association between defects of the nervous system and maternal occupation as a leather worker was found in our analysis, although such a relation has been previously described.30 On the other hand, there is a small amount of evidence that structural or func-tional defects of the central nervous system are due to parental exposure, even though the few studies and the wide range of different compounds considered as organic solvents limit the conclusions.3' When the nervous system and chromosomal anomalies groups are analysed, the high percentages of induced abortions among the cases must be taken into account.
There was no evidence of an association between maternal occupation and urinary tract defects. This is in agreement with the findings of Cordier et al,'2 although a definite excess due to exposure to aromatic solvents has been described. 32 The relation between multiple anomalies and textile dye workers approached significance, increasing the interest in this group of defects.33 Identification of new multiple congenital anomalies combined with exposure evaluation is considered to be a powerful research technique for discovering human teratogens and mutagens."
Among the 20 cases with multiple malformations occurring in textile dyeworkers some associations seem to be noteworthy: hydrocephaly and cleft palate; hydrocephaly, and cleft lip and palate; cleft palate, absence of diaphragm, and low set ears; cleft palate, common mesentery, and talipes equinovarus; spina bifida and congenital heart diseases; in another three cases (congenital heart diseases, absence of auditory canal, and polydactily; ventricular septal defect, oesophageal atresia, common mesentery, and absence of diaphragm; cleft palate, pterygium colli, polydactily, and other oesophageal anomaly) a supplementary investigation on diagnosis and family history is in progress to check for recognised conditions. Among the other cases no particular pattern of associations was found.
The dilution effect due to studying large and heterogeneous groups of anomalies and occupations for exploratory and descriptive purposes limits the value of this type of study. Nevertheless, it provides a good example of the use of a large database to search for teratogenic risk with the aid of malformation registries.35
Additional analytical studies are required as well as to the ongoing case-control surveillance programme, to improve evaluation of occupational exposures and identification of specific patterns of defects and prevent occupational risks during pregnancy. 
